Objective: To asses the effectiveness of arbitration of discordant double readings in mammography screening. Design: A retrospective study of 1217 consecutive arbitrations. Setting: A subset of discordant double readings from the Florence screening programme underwent arbitration by a third reader. Results: Positive arbitration of 1217 discordant double readings prompted assessment in 476 cases (39.2%), detecting 30 cancers (6.3%). Of 741 negative arbitrations (60.8%), 311 have been followed up thus far, and two cancers (0.64%) occurred in the site previously suspected at one of the two independent readings. Arbitration had a sensitivity of 86.3% and a negative predictive value of 99.3%. Arbitration reduced the overall referral rates from 3.82% to 2.59% (relative decrease 32.1%). Due to false-negative arbitration, cancers detected per 1000 women screened would decrease from 4.58 to 4.50 (relative decrease 1.7%). For every cancer missed due to false-negative arbitration, 151 unnecessary recalls and h21,248 would have been saved, whereas the saved cost per screened woman due to arbitration was h1.72. Discussion: Arbitration of discordant double reading would substantially reduce referral rates with a limited reduction in cancer detection rate, and may be recommended as a routine procedure. Greater benefit from arbitration might be expected in the presence of high referral rates at independent double reading, a common scenario in a newly implemented service screening.
D ouble reading of screening mammograms has been shown to increase the cancer detection rate [1] [2] [3] [4] and is recommended as a standard procedure in current service screening. 5 A discordant report at double reading, with only one reader recommending referral for diagnostic assessment, is rather frequent when 'independent' double reading is performed; that is, discordant readings are managed according to an 'or' fashion (positivity at either reading prompts assessment); referral rates are substantially increased. 1, 2 In order to reduce such an effect, consensus between the two radiologists originally performing double reading or arbitration by a third radiologist of discordant cases has been suggested in order to reduce unnecessary referrals. Both procedures have been shown to be effective in clinical studies. 4, 6, 7 Mammography screening has been carried out in Florence at the Centro per lo Studio e la Prevenzione Oncologica (CSPO) since 1970. The detailed features of the programme have been already reported. 8 Double reading was introduced in 1991, and discordant cases are managed according to an 'or' fashion. In a previous study, 1 we assessed that referral rates at prevalent screening (4.6%) had a relative increase of 15% with 'independent' double reading compared with single reading (4.0%).
During 2000-4, we decided to use arbitration in a prospective study of an unselected screening cohort, with the aim of assessing the effectiveness of this procedure. The present paper reports the results of this study.
MATERIALS AND METHODS
Double reading has been performed at the CSPO since 1991. Screening mammograms are reported according to a five-grade scale (negative, benign, dubious, suspicious, positive) with dubious, suspicious and positive reports being assumed to be a positive screening test. According to the current protocol, discordant reports (negative/benign versus dubious/suspicious/positive) at double reading are managed according to an 'or' fashion, with a positive test at either reading prompting diagnostic assessment. Arbitration of discordant double readings was not continuous during the study, but was limited to periods when radiologists were available to perform a third reading, thus resulting in a nonconsecutive unselected cohort. Out of a total of 196,872 screening mammograms (14% at first screen, 86% at repeat screen) double read during 2000-4, 7529 (3.8%) were reported as positive (3553 by both readers, 3976 by only one reader). Out of 3976 discordant cases, 1217 underwent arbitration by a third reader to settle whether the woman was to be assessed or returned to screening. During the study period, double reading involved nine readers and arbitration involved seven readers. The readers were all radiologists with long experience in reading screening mammograms (at least 10,000 mammograms read and at least three years of screening experience).
Cases that were reported as negative at arbitration returned to biennial screening. Positive tests at arbitration were referred for diagnostic assessment, which was performed at the CSPO by the same panel of radiologists. 8 For the study purpose: cancers detected at assessment prompted by a positive arbitration were assumed as true positives; cancers following a negative arbitration and detected at the site of previous suspicion by one reader during the two-year interval or at a further screening round were assumed to be false negatives; subjects with a negative arbitration and a negative screening test at further screening were assumed to be true negatives.
The study first analysed the proportion of negative and positive arbitrations in the overall series. The sensitivity of arbitration was calculated as the ratio of true positives (cancers detected at arbitration-prompted assessment) to true positives plus false negatives (cancer following negative arbitrations). To identify false negatives, a proper follow-up was provided for all cases with negative arbitration: by repeat screening after two years; through a breast histological registry from the three main pathology departments of the district (last update December 2003); through district cancer registry (last update December 2001). 9 The effectiveness of arbitration was determined by comparing additional (arbitration) and spared (spared assessments in case of negative arbitration) costs to cancer, missed due to false-negative arbitration. Cost analysis was based on a previous report of itemized real expenditures, 10 updated to 2005 standards: the cost per arbitration was h4, and that for each assessment was h147.
The impact of arbitration was evaluated according to variations induced by arbitration in overall referral and cancer detection rates compared with a reference-independent double-reading scenario.
RESULTS
Of 1217 subjects referred to assessment by one of two readers, arbitration was negative in 741 cases (60.8%) and positive in 476 cases (39.2%). Among 476 subjects undergoing assessment after positive arbitration, 30 cancers were detected, with a positive predictive value of 6.3%. Among 741 subjects with a negative arbitration, 311 have been directly followed up until now and two cancers (0.64%) have been observed. No follow up is available thus far for 430 subjects screened during 2003-5 and yet to be invited back for biennial repeat screening. Assuming the same frequency of cancers following a negative arbitration in non-followed up subjects, the sensitivity of arbitration would be 86.3% (30/34.76) and the negative predictive value 99.3% (736.24/741). Cancers observed and expected in the study cohort are summarized in Table 1 .
The review confirmed that the two cancers observed after a negative arbitration did occur at the site of previous discordant suspicious mammography. Both cancers were detected 13 months after screening, in subjects to whom biennial mammography had been recommended. The first was symptomatic and mammography (BI-RADS density D3) showed a stage I mass (pT1b pN0, ductal NOS). The second was asymptomatic, mammography (BI-RADS density D1) was recommended elsewhere and showed a cluster of stage 0 microcalcifications (pTis, ductal).
If rates observed in the population subset undergoing arbitration are applied to the whole original screening cohort of 196,872 subjects, the impact of arbitration on referral and cancer detection rates may be estimated. Arbitration would reduce referrals in discordant double readings by 60.8%, corresponding to an absolute decrease in overall referral rates from 3.82% to 2.59% (relative decrease 32.1%). Cancers detected in the overall study cohort were 898 (0.456%): assuming that cancers missed (2 observed þ 2.76 expected, rounded to 5) in negative arbitrations would be detected at independent double reading, the total number of detected cancers expected in the overall study cohort if arbitration was not adopted is 903. Based on the observed rate of cancers missed at negative arbitration (0.64%), if arbitration would have been adopted in the whole series, the number of cancers detected for every 100 discordant readings would have decreased from 2.86 to 2.46 (relative decrease 13.9%) and the number of cancers detected for every 1000 women screened would decrease from 4.58 to 4.50 (relative decrease 1.7%). Data are summarized in Table 2 .
Overall, for each cancer missed due to false-negative arbitration, 151 unnecessary recalls and h21,248 would have been saved. The saved cost per screened woman due to the introduction of arbitration was h1.72.
DISCUSSION
Arbitration of discordant double readings in mammography screening is an option aimed at reducing the overall referral rates, with the possible drawback of reducing the cancer detection rate due to false-negative arbitration. Assessing the effectiveness of arbitration must be based essentially on ................ these two variables. Unfortunately, few studies have been reported on the subject. Through a PubMed search (last access 11 February 2005; keywords: mammography, screening, double reading, arbitration), we could find only one paper 6 that properly addressed the pros and cons of arbitration.
The impact of arbitration on overall referral rates is relatively easy to assess. The present study results are consistent with the findings reported by Duijm et al.: 6 arbitration substantially reduces recall rates in discordant readings (by 48.6% in the Duijm study, 6 or by 32.1% in present study), but, due to the underlying low referral rates at independent double reading, the absolute reduction in referral rates was in the range of 1% (0.8% versus 0.9%, or 2.59% versus 3.82% in the Duijm 6 versus the present study, respectively).
The evaluation of the impact of arbitration on the overall cancer detection rate in the present study may be criticized, as complete follow-up was not available for all subjects undergoing no assessment due to a negative arbitration. These subjects are those for whom two years have not elapsed since the last screening: repeat screening is still pending and limited coverage by histological and cancer registry is available. As no selection bias exposing these subjects to a higher rate of missed cancers is known, the assumption that missed cancers in this subgroup would be as frequent as in the followed-up subgroup seems acceptable. The reduction in overall cancer detection rate ascribed to false-negative arbitration was quite limited (0.450% versus 0.458%), again in accordance to the findings reported by Duijm et al. 6 (0.44% versus 0.45%).
As for cost analysis, it might be argued that the cost of assessing discordant readings reported as negative at arbitration might be lower than the average, as in most of these cases assessment would be rather simple, requiring no invasive procedure. If this were the case, calculations based on the average assessment cost might have overestimated the costs spared by arbitration. Moreover, the present cost analysis is valid for the Italian scenario, but cannot be generalized to any other setting, as costs may vary substantially from one country to another and possibly among different centres, and cost analysis should be based on real local expenditures.
The present findings suggest that arbitration of discordant double readings has a limited negative effect in terms of reduced cancer detection rate, which is balanced by a substantial amount of saved assessments and saved costs per cancer missed at negative arbitration. This advantage, due to the low underlying referral rate in the present experience, is translated into a limited reduction of overall referral rates and into a limited saved cost per woman screened.
It might be observed that a scenario with a low referral rate at double reading, such as that of the present study or of the report from Duijm et al., 6 is not the ideal one to test or to adopt arbitration of discordant double readings. Although no direct evidence from proper scenarios is available in the literature, a greater benefit of arbitration would be expected in case of high referral rates at independent double reading, possibly due to the involvement of less-experienced readers, with an expert reader performing arbitration: this scenario is particularly likely to occur when screening is implemented on a national basis and a large number of new screening units have to be put in place. New observational studies of the cost-effectiveness of arbitration should be carried out within service-screening programmes with higher recall rates before arbitration may be recommended as a costeffective policy. 
